Background. Homestead food production programs have the potential to improve maternal and child health and nutrition through multiple pathways.
Introduction
Homestead food production is a potentially effective strategy to prevent and reduce undernutrition among vulnerable populations [1] [2] [3] [4] . In this period of escalating food and fuel prices, it may also be a particularly important coping strategy for poor households [5, 6] . As prices increase, poor households are usually forced to cut back their consumption of high-quality foods such as fruits, vegetables, dairy products, eggs, and meat to protect their consumption of calories from Deanna K. Olney, Aminuzzaman Talukder, Lora L. Iannotti, Marie T. Ruel, and Victoria Quinn staple foods [6] . This in turn can substantially decrease their already marginal consumption of micronutrients such as vitamin A, zinc, and iron, which are essential for optimal health and development. The effects can be especially devastating for women and young children, who have particularly high requirements of several micronutrients for growth and reproduction and are therefore susceptible to the negative effects of micronutrient malnutrition [7] . Food-based strategies such as homestead food production have the potential to increase micronutrient intake and improve the health and nutritional status of nutritionally at-risk women and children through various pathways, including increased household production for own consumption, increased income from the sale of products, and improved social status of women through greater control over resources [1, 4, 8, 9] .
Deficiencies of micronutrients such as vitamin A, zinc, and iron can be contributing factors to the development of underweight and stunting and pose additional risks to the survival, health, and nutritional status of undernourished women and children [10] . In addition, iron deficiency and stunting are known to negatively affect children's motor and cognitive development [11] [12] [13] . Stunting in early childhood has further been linked to reduced educational attainment, work productivity, and income in adulthood [11, 14, 15] .
In Cambodia, 62% of children and 47% of women of childbearing age are anemic [16] . The prevalence of night-blindness, a symptom of vitamin A deficiency, is 0.7% among children aged 18 to 60 months and 8.0% among pregnant women [17, 18] . According to the World Health Organization (WHO), this level of night-blindness in a population represents a mild to severe public health problem [18] . Furthermore, 37% of children under 5 years of age are stunted (heightfor-age z-score [HAZ] < -2), 36% are underweight (weight-for-age z-score [WAZ] < -2), and 7% are wasted (weight-for-height z-score [WHZ] < -2) [16] . Women and children in Cambodia are clearly at risk for nutritional deficiencies and would probably benefit from well-designed and well-implemented programs to improve micronutrient intake.
Since the early 1990s, Helen Keller International (HKI) has been implementing homestead food production programs in Asia. The goals of these programs are to increase the diversity and year-round production of fruits and vegetables, meat, and eggs; improve consumption of fruits and vegetables and animal-source foods through increased production, nutrition-related education, and increased income ; and improve health and nutrition outcomes in participating women and children [19] . In this paper, we examine the results of an evaluation of a homestead food production program in Cambodia that was supported by HKI between October 2005 and May 2007. With these data, we assessed whether or not the program achieved its stated goals (listed above) and began to examine the relationships among the different factors in the pathway from increased production to own consumption through which maternal and child health and nutrition are expected to improve as a result of participation in this type of program.
Subjects and methods

Setting and programmatic context
Cambodia is located in Southeast Asia and has a population of about 14 million [20] . Malnutrition is prevalent, and infections such as hookworm are common [16, 21, 22] . Agriculture is the primary economic activity of Cambodia, employing more than 70% of its workforce [23] . In 2002, the estimated average monthly income in rural Cambodia was US$82 [24] .
The homestead food production program evaluated in this paper was modeled after HKI's homestead food production program in Bangladesh, which has successfully been taken to scale and shown to be sustainable [8, 25] . HKI started implementing homestead food production programs in Cambodia in 1998, focusing on increasing production and consumption of vitamin A-rich fruits and vegetables. Shortly thereafter, the importance of adding animal-source foods was recognized, and HKI began to integrate small-animal production activities into its homestead food production programs.
HKI supports the homestead food production program by working through local partner nongovernmental organizations (NGOs) and providing them with technical assistance, agricultural supplies, and management support for 3 years. The local NGOs then continue to support the program for another 2 years. HKI works with local NGOs to create village model farms that serve as distribution points for seeds, seedlings, saplings, poultry, and animals and as training centers for homestead food production activities and nutrition education. Women are the primary recipients of the benefits of this program, such as receiving homestead food production inputs, training in homestead food production activities, and nutrition education. Each village model farm typically serves about 40 households. The women in these households are divided into two groups of about 20 women each. Each group appoints a leader who is responsible for organizing monthly meetings for the purposes of distributing homestead food production inputs, training, and nutrition education. The homestead food production program presented in this paper operated in one province with 35 village model farms serving 1,400 households.
Evaluation design and sample selection
To evaluate their homestead food production program in Cambodia, HKI used two cross-sectional surveys, one at baseline (October 2005) and another at endline (May 2007). Each survey included 500 households, consisting of 300 households that participated in the intervention and 200 control households. Intervention households were selected by members of NGO staff, village chiefs, commune councils, and village health volunteers according to the following selection criteria: low socioieconomic status, women primarily responsible for agricultural activities, and at least one child under 5 years of age, or a person living with HIV or AIDS, a disabled person, or an orphan. Control households were selected from neighboring villages with similar sociodemographic profiles according to village registration books. The people who selected the intervention households used the same criteria to identify control households in the selected neighboring villages. Consent was obtained from the study participants, and ethical approval was obtained for the study protocol from the National Ethical Committee headed by the Secretary of State, Ministry of Health of Cambodia.
Data collection and creation of variables
Questionnaires
The baseline and endline surveys were conducted with the use of the same questionnaire. The questionnaire was a precoded structured questionnaire that included questions about food production, food consumption, and income from homestead food production along with socioeconomic and demographic indicators and maternal and child intake of micronutrient-rich foods.
Garden type
Gardens were classified as traditional, improved, or developed. Traditional gardens are seasonal and are maintained in scattered plots with a few traditional fruits and vegetables such as pumpkins, cucumbers, and wax gourds. Improved gardens are gardens with fixed plots that produce more varieties of fruits and vegetables than traditional gardens, but only during certain times of the year. Developed gardens are maintained in fixed plots and produce a wide variety of fruits and vegetables that are available year-round.
Production
The garden-related production outcomes included in this paper are the number of varieties of fruits and vegetables in the garden at the time of the survey and on average over the previous 3 months and the total amount of fruit and vegetables harvested from the garden (in kilograms) in the month prior to the survey. Home production of animal-source foods was also considered; however, the information on this was limited to the proportion of households that owned chickens, ducks, pigs, or cows and the mean number of animals owned by the households.
Household consumption and maternal and child intake of micronutrient-rich foods
The questionnaire included recall questions about the household's consumption of various food categories in the previous 3 days or the previous week and on intake of micronutrient-rich foods by mothers and children in the previous week. The household questions included fewer categories than the questions for mothers and children. For the household level, participants were asked whether or not the household had consumed eggs, liver, and fish in the previous week and darkgreen leafy vegetables, yellow or orange vegetables, and yellow or orange fruits in the previous 3 days. In addition, participants were asked whether their children under 5 years of age or the mother of the household (usually the respondent) had consumed foods in any of the following categories during the previous week: eggs; fish, squid, shrimp, or prawns; dark-green leafy vegetables; carrots; ripe mango or papaya, jackfruit, pumpkin, or orange sweet potato; chicken or duck; other meat (beef, pork, etc.); liver; and milk (other than breastmilk). Dietary diversity scores were created by summing the individual categories for households (range, 0 to 6) and for children and mothers (range, 0 to 9). No information on quantities consumed was collected. This is a commonly used approach that has been used in many different settings, although the exact food categories vary among different dietary diversity scales [26] .
Maternal and child morbidity symptoms and nutritional status
The participants were asked if their children had had fever or diarrhea in the 2 weeks prior to the survey or measles symptoms in the previous 6 months. Mothers were asked if they had had an episode of diarrhea in the 2 weeks prior to the survey. Responses were coded as yes = 1, no = 0. Capillary blood samples were obtained by fingerprick in a subsample of mothers and children to measure hemoglobin using a HemoCue device. Anemia was defined as hemoglobin less than 100 g/L [27] . Weight and length were measured by standard procedures [28] . The body mass index (the weight in kilograms divided by the square of the height in meters) was calculated for mothers, and z-scores were calculated for children under 5 years of age according to the new WHO growth reference standards [29] . Stunting was defined as HAZ < -2 SD, underweight as WAZ < -2 SD, and wasting as WHZ < -2 SD.
Data analysis
Because of the cross-sectional nature of the two surveys, the differences between the control and intervention groups were evaluated separately at baseline and endline. Means and proportions were compared for a number of variables related to household sociodemographic characteristics and to the outcomes of interest, namely, indicators of household production from animal rearing and homestead gardens, household food consumption, and children's intake of micronutrientrich foods, nutritional status, and morbidity symptoms (table 1). Chi-square tests were used to test differences in proportions, and t-tests were used to test differences between means at baseline and endline. Some of the variables included were skewed and were transformed for significance testing; however, the means and standard deviations are reported in their original units. Because many of the variables of interest differed significantly between the control and intervention groups at baseline, the differences between groups in changes between baseline and endline were examined qualitatively when the variables were significantly different at endline. Multiple linear regression and logistic regression analysis was used to examine the pathways of effects we hypothesized-from homestead food production to increased household production and consumption of micronutrient-rich foods, to greater intake of these foods among mothers and children, and to improved nutrition and health outcomes ( fig. 1) . Endline survey data on all households were used for these analyses, which controlled for relevant (and available) potentially confounding variables. Differences were considered statistically significant at p < .05 for all analyses.
Results
Baseline characteristics of intervention and control households
At baseline, intervention and control households were generally similar on household sociodemographic characteristics, but they differed on a number of key household outcome variables, including initial gardening practices, production, and consumption.
Approximately 90% of households owned land, and about the same proportion had a garden. Improved and developed gardens were relatively uncommon compared with traditional gardens, but intervention households were more likely to have an improved or developed garden (10%) than control households (2%) and to earn income from homestead food production (36%) than control households (23%) (table 1). In addition, households in the intervention group had significantly more varieties of vegetables in their gardens and produced a greater quantity of vegetables than control households (table 1). The same was true for chicken and cow ownership, which was widespread in the sample (more than two-thirds of households owned them) but was significantly more frequent in intervention than control households (p < .05). Household consumption of micronutrient-rich foods was generally similar between the groups at baseline, as was household-level dietary diversity (table 1) . Intervention households, however, were twice as likely as control households to have consumed liver in the previous week and were less likely to have consumed yellow or orange fruit in the previous 3 days. The situation was different for child and maternal dietary diversity, which were both statistically significantly greater in intervention than control households at baseline. Mothers and children from the intervention group were also more likely to have consumed several of the individual micronutrient-rich foods for which information was available, including animal-source foods such as chicken or duck, meat, and liver during the week prior to the survey (table 1) . There were no differences at baseline in maternal or child health and nutritional status outcomes, except for children's mean WHZ, which was lower in the intervention group (-0.8) than in the control group (-0.5) (table 1) .
Overall, the intervention and control groups had similar sociodemographic characteristics at baseline but differed in some key characteristics related to the intervention itself, namely, household production, household consumption, and maternal and child intake of micronutrient-rich foods.
Endline
Homestead food production
The intervention and control groups also had similar sociodemographic characteristics at endline. Households in the intervention group, however, were almost twice as likely as the control households to have an improved or developed garden at endline. This difference represents an increase from baseline in both groups, but the increase was much larger in the intervention than in the control group. The proportion of households that had earned money from homestead food production in the previous 3 months was also significantly higher in the intervention than in the control group, but this was also the case at baseline. In both groups, the proportion of households that earned money from homestead food production increased by approximately 13 percentage points between baseline and endline (table 1) .
As observed at baseline, households in the intervention group generally grew a greater variety and quantity of vegetables at endline and were more likely to own animals than those in the control group. Compared with baseline, the number of varieties in the garden in the previous 3 months and the quantity produced in the previous month decreased over time (mean difference, -0.3 variety and -4.1 kg) in the control group, whereas both of these measures increased between baseline and endline in the intervention group (mean difference in the number of varieties, +2.2; mean difference in quantity, +23.4 kg) (table 1). There were no significant differences at endline in the number of varieties of fruits grown in the garden in the 3 months prior to the survey or in the quantity of fruit produced in the previous month. There was, however, a large increase between baseline and endline in the total amount of fruit production in the previous month (from about 10 kg at baseline to 51 and 81 kg at endline in the control and intervention groups, respectively) (table 1). The decrease in the mean variety and amount of vegetables produced by the control group is probably due to seasonal differences between the periods when the baseline and endline data were collected (October 2005 and May 2007, respectively). The apparent increase, despite seasonal differences, in both of these outcomes between baseline and endline in the intervention group indicates that the improved and developed gardens probably increased the diversity and year-round production of vegetables, as intended.
At endline, significantly more households in the intervention group owned chickens, ducks, and pigs, but the changes from baseline were generally small and similar between the groups. There were no significant differences in the mean number of ducks, pigs, or cows owned between the intervention and control groups among the households that owned each of these types of animals at endline (table 1) .
Thus, the greatest difference between the intervention and control groups at endline appears to be the significantly greater amount of vegetables produced by intervention households. Small differences were observed in the percentage of households that owned animals, but with no major changes from baseline.
Household consumption of fruits and vegetables and animal products
At endline, a greater proportion of households in the intervention group consumed dark-green leafy vegetables, yellow or orange fruit, eggs, and liver than households in the control group (table 1) . Changes from baseline were greater in the intervention than in the control group for the proportion of households that consumed dark-green leafy vegetables and yellow or orange fruit in the previous 3 days, but not for the proportion of households that consumed eggs and liver in the previous week. There were no significant differences in the proportion of households that had recently consumed non-dark-green leafy vegetables or fish. Household dietary diversity scores were significantly higher among households in the intervention group than the control group at endline and increased more from baseline in the intervention than in the control group. It appears that the homestead food production program contributed to increased consumption of micronutrient-rich fruits and vegetables among the intervention households. However, there were no apparent differences between the groups in intake of animal-source food by mothers or children. This may not be surprising, as there were no apparent differences between the groups in the amount of increase in animal production from baseline to endline.
Children's consumption of fruits and vegetables and animal products
At endline, a significantly higher proportion of children in the intervention group than in the control group consumed eggs, liver, and meat other than chicken in the week prior to the survey (table 1). However, the difference from baseline was greater in the intervention group only for egg consumption. Among children who consumed eggs or dark-green leafy vegetables, the mean frequency of consumption appeared to increase more from baseline, and was higher at endline, in the intervention group than in the control group (the mean difference at endline was 0.7 days/week for eggs and 0.4 days/week for dark-green leafy vegetables). Children's dietary diversity scores were also higher among those in the intervention group than the control group; however, this was also true at baseline (table 1).
Mothers' consumption of fruits and vegetables and animal products
There were no differences between the intervention and control groups at endline in the proportion of mothers who had consumed any of the food items, with the exception of carrots: mothers in the intervention group were less likely than mothers in the control group to have eaten carrots in the week prior to the survey. However, among the mothers who had consumed the food items listed in the previous week, those in the intervention group more frequently consumed eggs, dark-green leafy vegetables, yellow or orange fruit, and meat than those in the control group (data not shown). Mothers' dietary diversity scores were not different at endline and appeared to have deteriorated compared with baseline. Although neither the dietary diversity score nor the proportion of mothers who had consumed the different foods was significantly different between the groups at endline, it appears that the frequency of consumption of some micronutrient-rich foods was higher among mothers in the intervention group, which may be attributable to the homestead food production program.
Children's nutritional status and morbidity symptoms
At endline, children in the intervention group had a lower prevalence of fever in the 2 weeks prior to the survey. The prevalence of fever actually increased from baseline in the control group, whereas it went down by 10 percentage points in the intervention group (table 1) .
At endline, there were no significant differences in any of the anthropometric indicators, either mean z-scores or prevalence of stunting, underweight, or wasting. Overall, the prevalence of stunting appeared to have declined slightly between baseline and endline, whereas the prevalence of wasting and underweight went up. There were also no statistically significant differences in anemia or mean hemoglobin between the intervention and control groups. In general, there appeared to be some deterioration in both indicators and in both groups between baseline and endline. This again could be due to seasonality (table 1).
Mothers' nutritional status and morbidity symptoms
There were no significant differences between the intervention and control groups in mothers' weight, body mass index, or hemoglobin concentration either at baseline or at endline. Likewise, the prevalence of diarrhea was not significantly different between the two groups at either time point.
Examining potential pathways of impact
As expected, participation in the HKI homestead food production program was associated with a larger proportion of households having an improved or developed garden. These enhanced gardens, in turn, were associated with a significantly greater variety of fruits and vegetables in the garden at the time of the survey, as well as greater production in the month prior to the survey (table 2). The same was true for fruit production (results not shown). In addition, the type of garden significantly predicted the total amount of vegetables produced in the garden in the previous month. Another significant determinant of fruit and vegetable production was land ownership. Greater vegetable production (in kilograms) was positively and significantly associated with greater household consumption, as measured by dietary diversity (range, 0 to 6) and the total amount of dark-green leafy vegetables consumed by the household in the previous 3 days (in kilograms) (table 3). The number of varieties of vegetables currently in the garden was also positively associated with the total household consumption of non-dark-green leafy vegetables. Associations between fruit production and fruit consumption, on the other hand were not found.
Greater household dietary diversity was significantly and positively associated with maternal and child dietary diversity scores (table 4). The regression models estimating the associations between child dietary diversity and nutrition and health outcomes, however, generally had very low predictive power (low R-square) and were inconclusive (results not shown).
Discussion
The HKI homestead food production program in Cambodia was successful in increasing the proportion of households with improved and developed gardens, which in turn contributed to improvements in the production and consumption of micronutrient-rich foods among participating households and, more specifically, among women and children. In addition, there was some indication that the homestead food production program was positively associated with a lower prevalence of fever among children in participating households than among children in control households. No evidence was found for program impact on maternal or child anthropometric measures or anemia prevalence.
This may be due to program design issues associated with a true lack of effect or to weaknesses in the evaluation that precluded observing any impact on nutrition. We discuss both possibilities below.
To assess the potential of this program to improve maternal and child health and nutrition, we examined the associations among the variables along the proposed pathway of impact (production for own consumption) by which the homestead food production program is hypothesized to improve health and nutrition outcomes. These analyses confirmed some, but not all, of the links along the pathway ( fig. 1) . They revealed significant positive relationships between having an improved or developed garden and greater production of micronutrient-rich foods, between better production outputs and greater household consumption of micronutrient-rich foods and household dietary diversity, and between greater household dietary diversity and individual dietary diversity among mothers and children. The relationships, however, broke down in the link between child and maternal dietary diversity scores and health and nutrition outcomes. It may be that dietary diversity is not a useful indicator of micronutrient intake in this population if the quantities consumed are too small and micronutrient and/or energy intakes continue to be limiting. However, it is also possible that the potential impact that increasing dietary diversity may have on improving health and nutrition outcomes may be diluted by other factors, such as illness and suboptimal care and feeding practices.
Dietary diversity indicators have been validated in several countries, although not in Cambodia. Although in some cases they have been found to be good predictors of the micronutrient density adequacy of the diets of infants and young children, their predictive power has varied substantially among population groups and countries [30] . Contrary to findings in adults, dietary diversity in infants and young children was not associated with increased energy intake. Irrespective of the potential limitations of dietary diversity as an indicator of diet quality and energy intake, the lack of association between dietary diversity and child nutrition and health outcomes in this study raises questions regarding the potential of the Cambodia homestead food production program, as currently designed and implemented, to improve health and nutrition through this pathway, even if the program had had a larger impact on maternal or child dietary diversity. Many homestead food production programs were initially designed to improve production and consumption of vitamin A-rich foods and have generally been successful in improving children's diets and vitamin A status [4] . Although some programs have expanded their goals to include improvements in micronutrient status and growth, many have not succeeded in demonstrating these results [4] . A project in Mozambique presents an example of a well-designed study to improve vitamin A status among participants by increasing the production, consumption, and sale of orange-fleshed sweet potatoes. This study found significantly higher dietary diversity scores and mean serum retinol concentrations among children 4 to 38 months of age at baseline in the intervention group than in the control group but minimal differences in anthropometric outcomes [31] . Empirical evidence suggests that improvements in vitamin A intake and status, although they are strongly associated with reduced child morbidity and mortality from infections, do not usually lead to improved growth [32] . Greater child dietary diversity, on the other hand, has been associated with both greater micronutrient density of the diet (i.e., diet quality) [33] and improved anthropometric measures [26] . In the Mozambique study, it is possible that greater dietary diversity was driven mostly by improvements in vitamin A intake, as a result of the orange-fleshed sweet potato intervention, which, as noted above, is unlikely to translate into improved growth. It is also possible that intakes of energy or other micronutrients (e.g., zinc) remained constraints to adequate growth in this population. This well-designed and well-implemented intervention in Mozambique demonstrates that even with improvements in serum retinol and children's dietary diversity scores, this production-focused intervention still was not sufficient to have an impact on the overall health and nutrition of children.
Like many programs, the HKI homestead food production program in Cambodia was originally designed to increase the production and consumption of vitamin A-rich fruits and vegetables. Recognizing the limited bioavailability of vitamin A as well as iron and zinc from plant-based foods, HKI introduced a small-livestock production component into their homestead food production programs to increase the availability of animal-source foods. This component of the homestead food production program in Cambodia focused on chicken and duck production [34] and was successful in increasing poultry ownership but not consumption. In general, consumption of chicken or duck was much less common than consumption of either meat or fish, which may indicate that these are not preferred foods or that they were sold for household income. Formative research may help answer these questions moving forward. Programs may need to take alternative approaches to improving consumption of animal-source foods in young children, such as promoting other animal-source foods through own consumption (e.g., milk), increasing the quantity of fish or meat, or increasing purchases using additional income from homestead food production. Greater meat consumption could significantly improve the nutritional outcomes measured; it could improve height gain from bioavailable zinc and hemoglobin from bioavailable iron and other potentiating nutrients as well as potentially improve child development outcomes [35, 36] .
Although the Cambodia homestead food production program did not improve meat consumption, it was successful in increasing the consumption of eggs and dark-green leafy vegetables among women and children, which may have contributed to improvements in serum retinol concentration, but this was not measured. Since this program was originally designed to increase consumption of vitamin A-rich foods, it is possible that maternal and child dietary diversity scores would have been significantly and positively correlated with serum retinol concentrations. In addition, it is possible that the apparent positive effect of the program on the reduction in the prevalence of fever may be explained through changes in vitamin A intake and status, which is known to be important for immune function [37] . However, it is unlikely that this program, as currently designed, implemented, and utilized, could have significantly improved iron or zinc status or growth, due to the minimal changes in consumption of micronutrientrich animal-source foods. Further understanding of the relationships between homestead food production program inputs (including nutrition education) and changes in child feeding, care, and health-seeking behaviors, child food and nutrient intake, and health and nutrition outcomes could provide critical insight to help refine and enhance the program design for optimal impacts. Our findings point to a need to focus on improvements in particular components, such as small-animal production and effective behavior change communication, to promote adoption of optimal nutrition and health practices, such as the greater use of animal-source foods for vulnerable household members. Contextual factors, including barriers to consumption of animal-source foods, intrahousehold allocation of resources, traditional care and feeding practices, food preferences, and determinants of access to-and use of-health care and services, need further exploration. The program should also focus its health and nutrition intervention package on children under 2 years of age, rather than on the under-fives, as the first 2 years are unequivocally recognized as the critical window of opportunity to improve nutrition with lifelong benefits [38] .
Other potential program consequences related to the health, care, and feeding practices of the child should also be considered in homestead food production programming; these include altered disease exposures from different agricultural practices (e.g., zoonotic diseases) and water management (e.g., irrigation and malaria), changes in women's time allocation, the importance of proximity to home and children for women involved in agricultural production, and the changing roles and intrahousehold dynamics resulting from women's acquiring greater access to resources.
In addition to improving the program design, the evaluation design for Cambodia's homestead food production program could also be improved. The current evaluation was based on two cross-sectional studies of households located in intervention and control communities. The optimal design to assess impact would be a randomized, controlled trial; however, as is often the case in program settings, randomization to control and intervention communities and/or households was not possible because of resource constraints. If they were well designed, two cross-sectional surveys that utilize a control group could address issues of adequacy and plausibility and could provide relatively strong evidence of a program's impacts [39, 40] . In this program, HKI attempted to ensure the comparability of the control and intervention groups by selecting control households from neighboring villages with similar sociodemographic profiles that met the same eligibility criteria as the intervention households (see Methods). However, comparison of the groups at baseline revealed important differences between them in many of the key outcomes of the evaluation, such as household production and consumption characteristics and maternal and child intake of micronutrient-rich foods. This makes differences at endline difficult to interpret. The design and data available in the study also did not allow controlling for potential self-selection bias-i.e., the fact that households that choose to participate in the intervention in communities where it is available may be inherently different from those that choose not to. More detailed information on household characteristics and econometric data analysis methods can be used to match households and create intervention and control groups that are comparable in all aspects except for their participation in the program. For example, income data collected for this evaluation could have been improved to have facilitated investigations of homestead food production impacts through income, asset, and expenditure pathways. An additional design problem was the fact that the baseline and endline surveys were conducted in different seasons (May and October, respectively); seasonal variations affect most of the outcomes of interest in this study, including production, consumption, dietary intake, infectious diseases, micronutrient status, and anthropometry. Overall, these limitations in the evaluation design make the findings difficult to interpret and attribution of impact to the program impossible.
One approach that can help assess the plausibility that the program had its desired impacts is the use of a program theory framework. Program theory consists of identifying and analyzing program impact pathways, or the pathways through which a program is expected to have an impact; in the case of homestead food production programs, it involves understanding how impact is achieved-from inputs (seeds, saplings, nutrition education) to outputs (improved production and consumption of micronutrient-rich foods) to the desired outcomes (improved maternal and child health and nutrition). Clearly establishing the program impact pathways before implementing a program is essential for several reasons; first, to ensure that the program as designed has the potential to achieve the desired outcomes; second, to help design the monitoring and evaluation strategy that will allow us to carefully identify the aspects to be measured and the indicators to be used to understand and document impact pathways (e.g., inputs, outputs, outcomes, and potential mediating and confounding variables); and third, to generate information that will contribute to building a stronger evidence base about program impacts (and attribution of impact to programs) and, more importantly, how this impact was achieved. This type of information will help strengthen program design and implementation and provide the necessary tools for scaling up or replicating programs in different contexts.
Conclusions
Improving the general health and nutrition of infants and young children requires a comprehensive mix of interventions that may extend beyond the existing homestead food production program inputs, which focus primarily on alleviating household resource constraints such as low income, food insecurity, and limited knowledge. In Cambodia, the program was indeed successful at addressing some of these constraints, which are referred to as the underlying determinants of undernutrition in the UNICEF conceptual framework [41] . The program, however, appeared to have limited impact on improving the immediate determinants of maternal and child undernutritionfood and nutrient intake and health. During the first 2 years of life, children have high nutrient requirements due to rapid growth, and they are particularly susceptible to infectious diseases. Optimal infant and young child feeding and health practices and psychosocial care play an essential role in young children's health and development and require that mothers have the resources, knowledge, and support to undertake a series of practices to ensure adequate food and nutrient intake, psychosocial stimulation, adequate preventive and curative health care, and hygiene and sanitation. In order to tackle these outcomes, homestead food production programs may have to take a more integrated approach to effectively incorporate essential nutrition and primary health-care actions into their current programs that are focused on food production and income generation.
In order to fully realize the broad-based potential of this program to improve income, women's status, and health and nutrition outcomes among mothers and children, it is essential to use program theory and operations research to assess the potential of this program to achieve its desired goals and to modify the set of inputs and the implementation plan accordingly. These inputs will probably include improving the small-animal production and behavior change communication components, establishing strong linkages with health services, and focusing on children under 2 years of age. In addition, the evaluation approach should be revisited to ensure that the best design is used, within the realm of what is feasible in programmatic contexts, to answer the specific questions asked [39] . The ultimate aim of using a program theory framework and improved evaluation designs for homestead food production is to better understand which aspects of these high-potential programs work, what impact they achieve on which outcomes, and how these impacts are achieved. Ultimately, this information will contribute to a stronger evidence base for agriculture-focused programs that simultaneously address the direct and the underlying determinants of maternal and child undernutrition.
